Background. Hospital-acquired respiratory viral infections can result in morbidity and mortality of hospitalized patients. This study was undertaken to better understand the magnitude of the problem of nosocomial respiratory viral infections in adult and pediatric patients.
Respiratory viruses are transmitted in the hospital setting from direct contact with infected visitors and family, infected healthcare workers, other infected patients, indirectly through contact with contaminated fomites, or from patient-to-patient spread due to poor hand hygiene practices among healthcare providers. The frequency of specific respiratory viruses causing nosocomial infections reflects their activity in the community [1] . Few studies have assessed the outcomes of nosocomial respiratory viral infections in noncritically ill, non-immunocompromised adult and pediatric patients. In one study, 1 in 5 children admitted to a pediatric intensive care unit (ICU) due to a respiratory viral infection had acquired the infection in the hospital. These children had an approximately 6-fold increased likelihood of mortality compared with those who had community-acquired respiratory viral infections [2] . In another pediatric study, 49% of nosocomial respiratory viral infections occurred in premature infants [3] . One study in adult patients noted that 24% of nonventilated hospital-acquired pneumonias were caused by viruses [4] . These publications suggest that nosocomial respiratory viral infections can lead to significant morbidity and mortality. We investigated such cases in our adult and pediatric hospitals to better understand the magnitude of the problem and the outcomes of such infections.
METHODS
This was a retrospective, Institutional Review Board-approved study of patients who developed laboratory-confirmed respiratory viral infections and whose symptoms began during hospitalization at Rhode Island Hospital and Hasbro Children's Hospital (HCH) between April 1, 2015 and April 1, 2016. Rhode Island Hospital is licensed for 719 beds, 87 of which are licensed for HCH. The two hospitals are located in adjoining buildings on the same campus as part of the Lifespan Hospital System.
A nosocomial respiratory viral infection was defined as a hospitalized patient who had a positive respiratory viral panel ([RVP] Luminex, Austin, TX), rapid influenza test (Xpert; Cepheid, Sunnyvale, CA), or rapid respiratory syncytial virus (RSV) test (Xpert; Cepheid) of a nasopharyngeal or bronchoscopic lavage specimen. The RVP assay included testing for influenza A and B, RSV A and B, coronavirus, parainfluenza, human metapneumovirus, adenovirus, as well as rhinovirus and enterovirus; however, the assay did not distinguish the latter 2 viruses, which heretofore will be noted as rhino/enterovirus.
M A J O R A R T I C L E
Hospitalized patients with a positive result in one of these tests during the study period were identified using our institutional infection control software system (TheraDoc; Premier, Charlotte, NC). A definite nosocomial respiratory viral infection was defined as a patient whose number of days from hospital admission to symptom onset exceeded the upper range for the incubation period of the identified virus (Table 1) . A possible nosocomial respiratory viral infection case was defined as a patient in whom the number of days from hospital admission to symptom onset was within the range of the incubation period for the identified virus who were admitted without clinical signs or symptoms of a respiratory infection. A patient could be included more than once during the hospitalization if they had complete resolution of symptoms ascribed to the respiratory viral infection, recurrence of symptoms compatible with such an infection, and the time interval was greater than the above-noted incubation period. If the second such episode was due to a different virus, it was considered a definite case, and if it was due to the same virus, it was considered a possible case. Cases were assigned to a season based on the date when the symptoms of a respiratory viral infection were first documented in the medical record. Estimates of the incidence of nosocomial viral infections yearly in US acute care adult and pediatric hospitals were based on the number of such infections identified in the current study and the number of admissions to these hospitals during the 2014 fiscal reporting year based on data from the American Hospital Association.
A literature review was performed using the following PubMed search terms: nosocomial; hospital-acquired; and respiratory viral infections. Only studies written in the English language were included. Studies were excluded in our comparative analysis of the incidence of respiratory viral infections if the study was an outbreak investigation or if the reported incidence included nonrespiratory viral infections.
RESULTS
We identified 40 (32 definite and 8 possible) nosocomial viral respiratory tract infections in 38 patients during the study period, including 17 patients admitted to the adult hospital and 23 patients admitted to the pediatric hospital (5 and 44 cases per 10 000 admissions to the adult and pediatric hospital, respectively) ( Table 2 ). The median age of cases in the adult and pediatric hospitals was 56 and 1 year of age, respectively. Eleven (28%) of the cases were immunocompromised. In 6 cases, patients were in an ICU when they developed symptoms. In 5 other cases, after the nosocomial respiratory viral infection was identified, the patient was transferred to an ICU. The mean interval from symptom onset to ICU admission was 1.8 days. Two of these 5 cases, and 4 of the 10 cases already in an ICU, required mechanical ventilation after a mean interval of 5 and 0 days after symptom onset, respectively. In 17 of the 40 cases (43%), antibiotics were initiated at the time of symptom onset, and in 1.4 days (1.3-1.5 days) Influenza B [23] 0.6 days (0.5-0.6 days) Parainfluenza [23] 2.6 days (2.1-3.1 days)
Respiratory syncytial virus A and B [23] 4.4 days (3.9-4.9 days) Rhino/enterovirus [23] 1.9 days (1.4-2.4 days) Metapneumovirus [23, 24] Not available (3-6 days)
a Viral incubation included in this table correlate with the viruses detected on the laboratory respiratory viral panel, rapid influenza, and rapid respiratory syncytial virus tests used in this study. There has been no established incubation period for metapneumovirus in the literature, and the range is based on reported cases. 82% of the cases, the antibiotics were continued despite positive test results for the respiratory viral infection. It is unclear how many of these cases had bacterial coinfection. Fever (defined as temperature >38°C) and/or cough were the initial symptoms in over half of the cases (78% and 60%, respectively). Fever was the most common symptom among the pediatric patients (83%), whereas cough was the most common symptom among adult patients (77%). Congestion and rhinorrhea were present in 48% and 38% of patients, respectively. No adult patients had documented symptoms of vomiting or conjunctivitis associated with their viral infection; however, both were documented in pediatric patients (15% and 2.5%, respectively). No adult patients had a single isolated symptom at presentation, but fever was the only presenting symptom in 3 of the 23 pediatric cases. Forty-four viruses were identified in the 40 cases, including 4 cases of viral coinfection ( Table 3 ). The most common viruses identified were rhino/enterovirus in both adults (61%) and pediatric cases (54%). Influenza A only accounted for 3 cases (6.8%); no nosocomial influenza B cases were identified. During the study period, influenza activity was widespread in Rhode Island March 2, 2015 through April 1, 2016 per data from the Rhode Island Department of Health. Although 63% of cases occurred in the fall and winter, they were identified throughout the year (Figure 1) . Two adult and 3 pediatric patients (13%) died during the hospitalization involving rhino/enterovirus (2 adults, 1 pediatric patient), metapneumovirus (1 pediatric patient), and RSV (1 pediatric patient). The 3 pediatric patients were under 2 years of age. It is difficult to ascribe mortality to such infections in patients with multiple comorbidities; however, 1 pediatric patient with multiple congenital abnormalities decompensated shortly after the viral infection was diagnosed leading to intubation and extracorporeal membrane oxygenation (ECMO). The patient died 1 month after the respiratory virus testing was positive. Another pediatric patient with a hematologic malignancy decompensated shortly after the viral infection was diagnosed leading to intubation and ECMO. The patient died 11 days after respiratory virus testing was positive.
DISCUSSION
Forty nosocomial respiratory viral infections were diagnosed in 38 patients during 1 year, predominantly involving rhino/ enterovirus in both pediatric and adult patients. Our data are strikingly similar to a study done nearly 40 years ago [5] . These authors found an incidence of 55 nosocomial respiratory viral infections per 10 000 pediatric hospital admissions, and 4 such infections per 10 000 adult medical admissions. Overall, 1 in 229 admissions to our pediatric hospital developed a nosocomial respiratory viral infection. However, at its peak in the fall, 1 in 139 admissions to our pediatric hospital developed such an infection. Based on our data and the number of US hospital admissions during fiscal year 2014, we estimate that there are approximately 15 834 adult and 3121 pediatric cases of nosocomial respiratory viral infections in US acute care hospitals yearly.
Fever and/or cough were the most common presenting symptoms often leading to initiation of antibacterial therapy. Approximately half of the pediatric cases were under 1 year of age, and these patients appear to be at greater risk of acquiring such infections [6] . Twelve percent of cases were associated with ICU admission, and 15% required intubation a mean of 1.8 days after symptom onset. One fatal case involved a nosocomial RSV infection, and another involved nosocomial metapneumovirus infection; however, both cases were associated with deterioration requiring intubation and ECMO. Autopsy data have confirmed that nosocomial respiratory viral infections can cause or contribute to mortality [7] .
Respiratory viruses are clearly important pathogens causing hospital-acquired infections [8, 9] . In one study, 23% of severe nosocomial pneumonia in adults were due to respiratory viruses [10] . For decades, it has been known that nosocomial respiratory viral infections are a particular problem in pediatric patients [11] . In one study, 1 in 6 children under the age of 4 hospitalized for 1 week or more during winter or spring developed a nosocomial respiratory viral infection [12] . However, detailed studies of noninfluenza nosocomial respiratory viral infections are limited, and, to our knowledge, our study is the only one that broadly assessed the incidence of these infections in both adult and pediatric patients in a nonepidemic setting in approximately 40 years (Table 4) . We found that rhinovirus and/or enterovirus were the predominant viruses identified among nosocomial respiratory viral infections. A previous prospective cohort study demonstrated that rhinovirus was the most commonly detected virus among children with viral respiratory infections, and approximately 20% of these infections were hospital acquired [13] . Similar to our findings, a pediatric study found that 73% of nosocomial respiratory infections were due to rhinovirus [14] . However, another pediatric study found that RSV and influenza were associated with 51% and 19% of such cases, respectively [2] . This may reflect differences in virologic diagnostic testing performed as well as the recognition of RSV in patients diagnosed with bronchiolitis at admission. Seventy-nine percent and 81% of our hospital rooms are single occupancy for our adult and pediatric patients, respectively. During the study period, our hospital infection control policy stated that adult and pediatric patients presenting with influenza-like illness should be placed in contact and droplet precautions. However, we realize that influenza-like illness may be insensitive indicator for some respiratory viral infections [15] . Nevertheless, such patients were placed in a private room, or if no private room was available, they were cohorted with patients identified to have the same respiratory virus. Despite this policy, nosocomial respiratory viral infections occurred. This most likely reflects inadequate screening of ill visitors and family or ill healthcare workers reporting for duty despite symptoms of a respiratory viral infection because these have not been stressed in recent educational efforts, and our hospital did not have a formal screening program for visitors and staff. However, based on an educational campaign and compliance monitoring, we believe that transmission of such infections in the hospital setting was less likely to be due to noncompliance with the policy, inadequate decontamination of the inanimate environment, or suboptimal hand hygiene compliance. Our hospital occupational health policy followed the Centers for Disease Control and Prevention guidelines for mitigating risk of influenza transmission from infected healthcare workers to patients that uses fever as a determining factor for which healthcare workers should not have patient contact [16] . However, such guidelines may be inadequate as previously noted [17] . Unfortunately, fever is an insensitive indicator of influenza infection in adult healthcare workers at onset of symptoms when there may be maximal risk of transmission [18, 19] . At least 1 reported influenza outbreak involved healthcare providers who apparently worked with mild illness [20] . Nevertheless, the vast majority of our patients' nosocomial respiratory viral infections were not due to influenza. Thus, hospital policies and national guidelines should focus on reducing patient risk from all respiratory viruses, not just influenza.
Unfortunately, many community hospitals may not perform testing for respiratory viruses beyond rapid influenza testing. Thus, cases of nosocomial respiratory viral infections are often unrecognized. In addition, healthcare providers may not have a high index of suspicion for such hospital-acquired viral infections. As more hospitals use improved laboratory testing for such viruses, there will be a greater appreciation of the risk of such infections in hospitalized patients, a better understanding of their modes of transmission, and ultimately fewer such cases in the future [21] . Educating healthcare providers regarding the risk they pose to their patients when they are infected with respiratory viruses is vitally important, as well as changes in the culture of healthcare providers by dealing with the guilt they feel when they do not report to work with symptoms of a respiratory viral infection [22] . Our study has several potential limitations. It is unclear whether all of the viruses identified were the cause of active infection, or whether their presence in some cases reflected respiratory tract colonization or recent respiratory viral infection. Although diagnostic testing is recommended in our hospital policy for patients admitted with suspected respiratory viral infections, we do not know the compliance with this policy, and we may have underestimated the incidence of such infections. We also may have missed cases in patients who had symptom onset after hospital discharge. Our data was collected over 1 year on 1 hospital campus in the Northeastern United States, and it may not reflect the risk of such infections in different geographic regions, in hospitals with different patient populations, or those with different infection control and occupational health policies. Finally, the retrospective nature of our study required us to rely on established documentation in the patient's medical record. Despite these limitations, we hope our findings will lead to a greater awareness of such infections and changes in hospital infection control policies regarding testing of patients with suggestive symptomatology, assessment of visitor restriction policies, and review of sick leave policies to potentially mitigate risk of such infections in future patients.
CONCLUSIONS
We report the second study that comprehensively investigated adult and pediatric patients with nosocomial respiratory viral infections. The first such study [5] involving patients hospitalized from 1977 through 1979 had a very similar incidence of such pediatric and adult infections compared with our findings.
That study tested for fewer respiratory viruses than our study; nevertheless, the data suggest that little has changed regarding the risk of such hospital-acquired infections now nearly 40 years later. We hope that our findings will provide additional support for more frequent testing to identify respiratory viruses, beyond influenza, in hospitalized patients with new onset of respiratory symptoms suggestive of possible viral infection to aid in focusing infection control efforts and to stimulate a search for effective therapies and vaccines. 
